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In the course of preparing the intracellular replicative form of phage 4X174 DNA (RFI),j 2 we discovered an even smaller duplex circular DNA. This new DNA, synthesized by uninfected as well as infected cells of Escherichia coli, may be either an episome or a plasmid.3 For lack of evidence indicating its integration into the chromosome, we regard it provisionally as a plasmid. In this report we describe some of the physical properties of this DNA and its distribution among strains of E. coli. The function of this plasmid remains unknown.
Experimental Procedure.
-Materials: Sources were as follows: CsCl (optical grade) was obtained from Harshaw; Brij 58, a nonionic detergent, from Atlas Chemical; Sepharose 4B from Pharmacia; egg-white lysozyme from Calbiochem; pancreatic DNase from Worthington; H3-deoxythymidine from New England Nuclear Corp.; and ethidium bromide, a gift from Boots Pure Drug Co., Nottingham, England.
Methods: Cells were labeled with H3-thymidine (1-2 X 107 cpm/smole) by growth in
Fraser and Jerrel's glycerol-casamino acids medium;4 cells labeled with p32 (5-9 X 108 cpm/,gmole) were grown in a medium described by Hershey,5 supplemented with a mixture of the 20 natural amino acids. Cultures were harvested in the logarithmic phase at an A590 of 1.5-2.0. Cytoplasmic DNA was released from cells by the following modification6 of the Godson and Sinsheimer lysis procedure.7 To about 5 X 101' cells suspended in 1 ml of 25% sucrose, 0.05 M Tris HCI, pH 8.0, were added 0.2 ml of lysozyme (5 mg/ml in 0.25 M Tris HC1, pH 8.0) and 0.4 ml of 0.25 M Na2EDTA. Conversion to spheroplasts was essentially complete after a 10-min incubation at 25°. The spheroplasts were ruptured by a further 10-min incubation at 250 with Brij added to a final concentration of 0.5%. Cellular debris and 90-98% of the total DNA were removed by sedimentation at 60,000 X g for 15 min. At this stage, extracts may be analyzed for plasmid DNA by sucrose gradient sedimentation.
For the further purification of plasmid DNA, the supernatant fluid was extracted three times with redistilled phenol and the phenol removed by extraction with ethyl ether. The solution was concentrated to an A260 of 500 by rotary evaporation and then digested with pancreatic ribonuclease (0.3 ug/ml for 10 min at 370) to the point where 10% of the RNA became acid-soluble. The RNA fragments were removed by filtration through a column of Sepharose 4B with a bed volume ten times that of the sample. The duplex covalently closed plasmid DNA was separated from circular duplexes bearing singlestrand breaks and linear forms by banding in a solution of CsCl (p = 1.57 gm cm-3) and ethidium bromide (100 /.g/ml) for 36 hr or more at 40,000 rpm and 50 in the 50 rotor of the Spinco model L ultracentrifuge.8 The last step was repeated if the product was less than 90% pure as judged by sedimentation in alkali. Ethidium bromide was removed by extraction with an equal volume of isopropanol or by passage through a Dowex-50 column.8 The final material was dialyzed against 0.05 M potassium phosphate buffer, pH 7.2, and 1 mM EDTA. The yield of plasmid DNA from a 20-liter culture harvested at an A590 of 1.5 was about 0.4 Mmole (expressed as nucleotide residues).
Sucrose gradient sedimentation of DNA samples was carried out as previously described.9 The buffer contained: fox neutral low-salt sedimentation, 10 mM Tris HC1, pH 8.0, and 1 mM EDTA titrated to pH 8.0 with NaOH; for neutral high-salt sedimentation, 1 M NaCl in addition; and for alkaline high-salt-sedimentation, 0.8 M NaCl, 1 This new DNA had a density in an ethidium bromide-CsCl gradient characteristic of closed circular duplex DNA and sedimented less rapidly than 4X174 RFI. The ratios of sedimentation velocities in alkaline high-salt, neutral high-salt, and neutral low-salt sucrose gradients were 0.65, 0.76, and 0.71, respectively. DNA with these same sedimentation properties was also found in uninfected cells. Thus, this new DNA appears to be a plasmid form of host cell DNA. The ratio of the alkaline to neutral sedimentation rates for the plasmid DNA is several times that anticipated for a linear duplex'" and is consistent with a closed circular duplex structure.'6 This supposition was tested by the action of pancreatic DNase. Purified plasmid DNA, sedimented to equilibrium in a CsCl gradient in the presence of ethidium bromide, yielded over 90 per cent of the DNA at a density value characteristic of 4X174 RFI (Fig. 1A) . When single-strand scissions were introduced with pancreatic DNase, the DNA shifted into the lighter peak occupied by an RFII marker (Figs. 1B, C). This effect of pancreatic DNase on the banding pattern strongly supports a closed circular duplex structure of the plasmid DNA.8
Contour length: The circular form of the plasmid DNA was also revealed by electron microscopy with the Kleinschmidt protein film technique (Fig. 2) . The contour length was found to be 0.96 A 4 0.13 (SD) for the plasmid DNA and 2.26 A i 0.13 (SD) for 4X174 RFII included on the same grids. The two samples of DNA were mixed and spread together to provide an internal control for the variations in absolute length measured by electron microscopy.'7' 18 Based on a molecular weight of the 4X174 RF of 3.4 X 106 daltons,'9 that of the plasmid DNA is calculated to be 1.45 X 106. The molecular length distributions shown in Figure 3 , as well as the standard deviations, show that the length variation is similar for both types of DNA and thus that the cytoplasmic DNA has a rather homogeneous size distribution.
In a separate experiment in which no 4X174 RFII standard was added, only small circles and no polymeric forms8' 20, 21, 9, 22 were found among 93 molecules examined. Furthermore, when the cytoplasmic DNA was analyzed on an alkaline sucrose gradient, no peak of radioactivity (less than 0.3%) was detectable at the position anticipated for dimers.
Buoyant density: The buoyant densities of plasmid and T7 DNA were compared with that of poly dAT (p = 1.678)23 as a standard. The plasmid DNA (p = 1.710) was 0.001 gm cm-3 lighter than the T7 DNA. Since T7 and E. coli Contour length, microns (Table 3 ). H3-thyrmidine-labeled cells were Iysed with Brij, and the supernataint fraction was analyzed on an alkaline sucrose gradient (and in several cases also on a neutral sucrose gradient) with a marker of purified P32-labeled cytoplasmic DNA from strain THU. All derivatives of strain 15 showed a similar peak of radioactivity coincident with the 132 marker. Figure 4A shows one such experiment. Also, the DNA from strain 15T-D3 was purified and its contour length determined. Figure 4B . It is possible that plasmids are synthesized by these strains but that extrachromosomal DNA is degraded or is not released by our lx sis procedure. This possibility appears unlikely for the K12 strains, at least, since high yields of qX174 RHI can be obtained from these strains by this procedure. It therefore appears that, among the strains examined, the plasmid DNA is specific to strain 13. Discussion.-All the derivatives of strain 15 studied possess the plasmid DNA even though some of these mutants were isolated as long as 14 years ago.3" Moreover, the only common parent of these strains is strain 15 itself which was first described in 1944.37' 38 This genetic stability suggests a mechanism for mailtainillg the plasmid ill the population, perhaps an orderly segregation of plasmids to daughter cells. It is further possible that occasional cured strains are at a selective disadvantage or can be reinfected with the plasmid.
The plasmid DNA level of 15 copies per chromosome is high, especially since it was found in exponentially growing cells and thus represents a steady-state value.39 By contrast there is only about one F'1ac40 or FMollVColBt)ycys4' particle per chromosome. Multiple copies of a drug-resistatice factor were found only after transfer from an E. coli donor to a Proteus mirabilis recipient. 42 If we assume that the many copies of plasmid DNA are genetically identical, a reasonable assumption in light of their uniform molecular weight, and density homogeneity, then it is puzzling why the cell maintains such extensive genetic redundancy. Still a further question is the mechanism whereby the cell maintains the number of copies of the chromosome and the plasmid at such markedly different levels. The ease of identification of the plasmid DNA may make it a favorable system for study of this mechanism of repliconl40 control.
The failure to detect the plasmid in K12 or B led us to look at the properties of strain 15 that are not shared by B and K12. Some derivatives of strain 15 produce a particulate colicin (coliciii 15) which is apparently a defective phage.43 It is Iiot likely that the small plasmid DNA codes for the defective phage because the virus appears to be large and thus would be expected to have a much larger DNA. Also, four of the strains analyzed, THU, TAU-bar, TAU-c, and JG151, do not produce colicin 15 but nevertheless contain the plasmid DNA (Table 3) . Strain TAU-c was obtained from TAU under curing conditions29 and specifically lost the ability to produce colicin while retraining its plasmid DNA. Strain JG151 has also lost two other unusual properties associated with strain 15: high sus- (eptibility to thymineless death,33 and the induction of a new methylase by UV irradiation." The induction of lysis by UV irradiation is still another property of some derivatives of strain 15 that also is not necessarily correlated with the preserce of the plasmid DNA ( 
